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Summary
A method was proposed for assessing the strength in different layers of the walls of polyethylene pipes and their welded joints from their resistance to tearing by a reinforcing element
Results of investigating the resistance of materials to tearing by a reinforcing element were presented earlier [1, 2] .
Investigations were conducted on materials that are used to manufacture the inner working pipes of heating systems.
In the course of the investigation it was established that the main feature in determining strength properties by the tearing reinforcing element method [3] [4] [5] was to establish the strength in a small volume of the material, which enabled this method to be used for determining the nature of distribution of the strength properties through the wall thickness of polyethylene pressure pipes, and also their welded joints. To determine the nature of the through-thickness distribution of strength properties, the strength of the material was assessed in three layers: outer, inner, and middle. For this, a special specimen was developed (see Figure 1 ).
The specimen enabled three layers of pipe wall material (outer, inner, and middle) of 2 mm thickness to be singled out for testing. Figure 2 shows the position of the tearing reinforcing element.
The length of the tearing section amounted to 25 mm, and the speed of the tearing element amounted to 1 mm/ min. On each tearing section, it was possible to single out 2000 points of measurement of the strength of resistance with a computer input interval of 1 s, which enabled strength data to be obtained with high confidence. Figure 3 shows curves of the change in load in time during tearing of the outer, middle, and inner layers. Table 1 gives data on the characteristics of the pipes and of the materials from which they were made. Specimens of pipes manufactured from six different types The results of measurements are given in Table 2 .
As can be seen from the given data, the strength characteristics during tearing are reproduced well on passing from the inner layer to the middle and outer layers. Table 2 gives values of the ratio of the tear strengths of the outer and inner layers to the middle layer. It can be seen that the ratio of the strength of the inner layer to the strength of the middle layer varies by no more than 10%. A similar picture is observed for the ratio of the strength of the outer layer to the strength of the middle layer. This indicates that the choice of a layer thickness of 2 mm enables the effect of thin surface layers on the indices to be avoided.
It was of interest to study the through-thickness strength distribution of the pipe not by layer but continuously.
For this, tearing was conducted in a direction perpendicular to the axis of the pipe through holes of 1.5 mm diameter drilled in the wall. Figure 4 shows the arrangement of the holes through which the tearing reinforcing element was introduced into the pipe wall. Normally, tearing was conducted from the inner to the outer surface.
The dependence of tear strength with respect to wall thickness is shown in Figure 5 .
As can be seen from the graph, at the start and at the end of the process of tearing there are two transition zones where the resistance to tearing changes greatly through the thickness. To determine the reasons for this change, namely to determine whether growth in the index is connected with input effects or with real properties of the material in the surface and inner layer, an experiment was conducted in the reverse direction, i.e. tearing was carried out in the direction from the outer to the inner layer. Data on tear strength in the different layers, obtained in the forward and reverse directions, are given in Figure 5 . As can be seen, the curves obtained in the two directions are entirely identical, which indicates that the form of the curve is related to the formation of input effects and not with change in the properties in the outer and inner layers of the polyethylene pipe wall. Data on tear strength obtained during longitudinal and transverse tearing were compared. Table 2 presents data on the tear strength during longitudinal and transverse tearing for three materials, which indicate the good agreement of the tear strength indices.
In an organisation standard (STO) of OOO "Gruppa Poliplastik", the possibility of determining the tear strength on specimens singled out in the pipe cross-section is provided for (see Figure 6 ).
Given that, by assessing the properties of the welded joints shown in Figure 7 , it becomes possible to manufacture a specimen of this type that contains a fragment of welded joint, it is then possible to plot a circular diagram of tear strength in the plane of welding, and thus to assess the homogeneity of the strength properties over the entire length of the welded joint. Similarly, curve 3 shows the changes in the tearing forces in the 45° sector of the second quadrant.
As can be seen, there is no common level of strength in the different parts of the weld. The data are concentrated T/50 about three levels: 30-31, 26-27, and 24-25 N. Thus, it proves possible to measure the strength of the weld around practically the entire perimeter, and to show its inhomogeneity.
CONCLuSIONS
Methods were proposed that make it possible to assess the spread of strength characteristics throughout polyethylene pipes, in the initial pipe and in the welded joint.
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